Corrosion inhibition performance of mild steel in nitric acid solution containing different concentration of anisalidine derivative Schiff bases viz. N-(4-nitro phenyl) p-anisalidine (SB1), N-(4-chloro phenyl) p-anisalidine (SB2), N-(4-phenyl) p-anisalidine (SB3), N-(4-methoxy phenyl) p-anisalidine (SB4), N-(4-hydroxy phenyl) p-anisalidine (SB5) has been investigated using mass loss, thermometric and potentiostate polarization technique. Inhibition effi ciencies of Schiff bases have been evaluated at different acid strength. The inhibition effi ciency was found larger than their parent amines. Inhibition effi ciencies of synthesized Schiff bases increase with inhibitor concentration. Inhibition effi ciency increases up to 98.32% with ansalidine derivative Schiff base.
INTRODUCTION
Mild steel is widely used as an engineering material and its corrosion in acidic medium is of great economic importance. Schiff bases have gained importance over the years because of their use as corrosion inhibition. The exposure can be most severe but in many cases, corrosion inhibitors are widely used in industry to prevent or to reduce corrosion rate of metallic materials in acidic media
1,2
. Schiff bases posses -C=N-imine linkage which is supposed to be responsible for their complexion behaviors towards metal ions and corrosion inhibition action 3, 4 . Corrosion commonly occurs at metal surfaces in the presence of oxygen and moisture, involving two electrochemical reactions. Oxidation takes place at the anodic site and reduction occurs at the cathodic site. In acidic medium hydrogen evolution reaction predominates. Corrosion inhibitors reduce or prevent these reactions. They are adsorbed on metal surface and form a barrier to oxygen and moisture by complexing with metal ions or by removing corrodants from the environment. Some of the inhibitors facilitate the formation of the passivating fi lm on the metal surface.
Generally, the organic compounds containing hetero atoms like O, N, S, and in some cases Se and P are found to have the function as very effective corrosion inhibitors
5-14
. The effi ciency of these compounds depends upon electron density present around the heteroatoms 15 . Inhibition effi ciency also depends upon the number of adsorption active centers in the molecule, their charge density, molecular size, mode of adsorption and formation of metallic complexes. Heteroatoms capable of forming coordinate-covalent bond with metal owing to their free electron pairs. Also the compounds with π-bonds generally exhibit good inhibitive properties due to an interaction of π-orbital with their structure which makes them effective potential corrosion inhibitors 16 . Corrosion of mild steel and its alloys in different acid media has been extensively studied
17,18
. The present research paper deals with the preparation of fi ve Schiff bases viz. N-(4-nitro phenyl) p-anisalidine (SB1), N-(4-chloro phenyl) p-anisalidine (SB2), N-(4-phenyl) p-anisalidine (SB3), N-(4-methoxy phenyl) p-anisalidine (SB4), N-(4-hydroxy phenyl) p-anisalidine (SB5).
EXPERIMENTAL

Preparation of Schiff bases
Schiff bases are prepared by refl uxing equimolar quantities of respective carbonyl compounds with amino compounds in minimum quantity of solvent.
Where R = H, alkyl or aryl.
Specimen preparation
Mild steel specimens of the composition of 0.12% C, 0.32% Mn, 0.05% S, 0.02% SiO 2 and the rest of Fe of rectangular specimens dimension 5.0*2.5*0.02 cm 3 containing a small hole of 2 mm diameter near the upper edge were employed for the determination of corrosion rate in a beaker containing 50 ml of test solution at 23 o C with a precision of ±0.5 o C and left exposed to air. While being buffed to produce a mirror fi nish of mild steel, they were cleaned with emery paper then degreased with acetone. The specimens were suspended by glass hook; the degree of surface coverage (θ) can be calculated as
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Where θ surface coverage and ΔMu and ΔMi are the mass loss of the metal in uninhibited and inhibited acid. The corrosion rate mmpy (milimeter penetration per year) can be obtained by the following equation:
Where mass loss is expressed in mg, the area is expressed in cm² of the metal surface exposed, time is expressed in the hours of exposure & metal density is expressed in gm/cm³ 20 . The inhibition efficiency was also determined using a thermometric technique 21 . These specimens 5.0*2.5*0.02 cm 3 stagnant in a glass hook and immersed in a beaker containing 50 ml of the test solution at 23 o C with a precision of ±0.5 o C were left exposed to air. Evaporation losses were made up with deionized water. After the test the specimens were cleaned with benzene. The duplicate experiments were performed in each case and the mean values of the mass loss were calculated.
Test solution preparation
The acidic solution was prepared by using de-ionized water. All the chemicals used were of analytical reagent quality. The temperature changes were measured at an interval of one minute using a thermometer with a precision of ±0. Where T m and T o are the maximum and initial temperature, respectively and t is the time required to reach the maximum temperature.
Polarization techniques
The experimental set up used for the polarization measurements include a three-electrode cell and potentiostat (Elico Model CL-95) with a sweep generator was used. The saturated calomel electrode was used as a reference electrode. The variation of the mild steel electrode potential under open circuit conditions in the test solution were determined. Spontaneous reaction takes place on the metal surface due to a potential difference between cathodes and anodes when metal as an electrode is immersed in the aqueous environment, due to activation polarization both reaction rates decrease. The potential and corresponding current densities are called as corrosion potential (Ecorr) and corrosion density (I corr ) respectively. Cathodic and anodic polarization of the working electrode and the curves shifts towards lower current densities with increasing the concentration of additives 23 .
The values of βa and βc and Rp, I corr can be calculated using the above equation.
The percentage inhibition effi ciency (η%) can be calculated as follows:
Where I and I 0 are the corrosion currents in uninhibited and inhibited solution espectively.
The corrosion rate can be calculated from the I corr values using the relation:
Where I corr is the corrosion current in μA/cm 2 , E is the equivalent mass of the metal in mg and D is the density in gm/cm 3 24 . The corrosion rate was converted from mpy to mmpy using the following relation 1 mpy = 0.0254 mmpy
RESULTS AND DISCUSSION
The inhibition effi ciency (%) calculated from the mass loss measurement for nitric acid media and inhibitors are given in Tables (1-4) . It is observed that the inhibition effi ciency increases with an increase in the concentration of the inhibitor (Fig. 1-4) . The corrosion rate decreases with increases in the concentration of the inhibitors. Table 1 shows the maximum 93.43% inhibition effi ciency for mild steel in 0.1N nitric acid solution whereas 0.5N shows 94.79%, respectively ( Table 2 ). The Fig.1 and 2 confi rm above-mentioned results. The following order of the inhibition effi ciency has been observed for fi ve Schiff bases for mild steel in nitric acid for mass loss and the potentiostatic method. SB1 < SB2 < SB3 < SB4 < SB5
However, the values of inhibition effi ciency obtained from the corrosion current (I corr ) values are lower than those obtained from the mass loss data. Similar observations have been reported earlier Tables (3-4 The order of the corrosion rate for mild steel in different test solutions observed by mass loss and potentiostate polarization method is in good agreement but the corrosion rate calculated from the potentiostatic method is higher than that of the mass loss method. It is expected that the corrosion rate is maximum in the beginning and decreases when equilibrium is attained. However, contrary to the earlier studies 25,26 , the corrosion rates obtained from potentiostatic measurements are not signifi cantly higher than those obtained by the mass loss methods.
The variation of the reaction number with the inhibitor concentration indicates that the reaction number decreases with increasing the inhibitor concentration ( Table 5 ). The thermometric methods show the 96.78% inhibition effi ciency for 1 N nitric acid solution while the 2 N nitric acid solution shows 97.98% whereas 4 N nitric acid solution shows 98.32% inhibition effi ciency, respectively.
This process blocks active sites, hence decreases the corrosion rate. In the present study, it is assumed that the Schiff bases are adsorbed on the metal surface and decrease the surface area available for cathodic and anodic reaction to take place. Adsorption shows the collection of adsorb on the surface due to a cohesive force of attraction. According to the Fontana 27 for the more commonly used low carbon steel and steel alloys, <1 mpy is outstanding corrosion rate, 1-5 mpy is excellent, 5-20 mpy is good and can be used with caution, 20-50 is fair and can be used for good exposure, 50-200 mpy is poor and above 200 mpy is completely unacceptable.
But the corrosion rates are due to a signifi cant contribution of nitrate salt available in water, hence the best promising results are obtained by decreasing the corrosion rate due to anisalidine derivatives.
CONCLUSIONS
1. Anislidine derivatives show a synergistic effect in controlling the corrosion of mild steel in acidic solution containing higher concentration of the inhibitor.
2. The protection fi lm on the metal surface consists of mild steel-anisalidine derivatives complex and mild steel oxide. 3 . Anisalidine derivatives form a complex on the anodic site of the metal surface through the oxygen atom and nitrogen atom of -OH, -CHO, >C = O, and -NH 2 group.
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